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ABSTRACT 
Our planet is facing many problems, including growing of 
population, increasing energy use, global heating, and reduction 
of green zones, decrease of energy sources and accumulation of 
wastes. These factors are influencing our life by direct or 
indirect ways. This work aims to develop the treatment 
processes for farm slurry and/or slurry and waste food. In 
addition this study deals with the presence of hygienic 
important microorganisms in the farm slurry before and after 
treatments. Three trials have been done by using aerobic 
thermophilic treatments and one trial by using anaerobic 
mesophilic-thermophilic treatment. Farm slurry and waste 
material of whey and jam have been the substrates in two 
aerobic treatment experiments. The works have been done in 
both field and laboratory.  
The results showed that survival of microorganisms was 
decreased remarkably at higher temperatures (70°C), in spite 
that during the treatment a part of slurry was replaced with 
fresh slurry. The use of whey and jam wastes besides slurry was 
beneficial since they buffered pH which improved the process. 
Nevertheless, further studies are needed to find out the 
optimum mixing relation between slurry and food waste.  
The aerobically or anaerobically treated slurry could be safely 
recycled back to agriculture, since the final products were 
hygienically safe. 
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 Preface  
 
In Finland like in many countries, farms of high number of 
animals in one location are common. This lead to a big quantity 
of animal wastes, which might cause many problems especially if 
they are used as fertilizers without treatment. Anaerobic 
treatments are popular in treating slurries and other kind of 
organic wastes. It is a fascinating technology due to the final 
product, biogas which can be used in energy production. 
Meanwhile aerobic treatment is common.  Since both treatments 
are mainly depending on the decomposition of compounds by 
the microorganisms, the hygienic aspect is becoming important 
because part of microorganisms could be pathogens. This fact 
encourages us to focus on the hygiene of slurries in different 
treatment methods at different temperatures. 
As a result of observations questions were formed relating to 
aerobic and anaerobic treatment of farm slurry and waste food. 
Anaerobic treatment for producing biogas had been chosen in 
many sites to get an alternative energy technology and source of 
fertilizer. Meanwhile, aerobic treatment is applied for farm 
slurry, which process would be best for final products (treated 
substrate), and especially for the hygiene, Furthermore what is 
the benefit of using waste food together with slurry?  
We were given the opportunity to pursue these themes further in 
a research project at the University of Eastern Finland. The 
project was initially focused on the choice of the technology, but 
this was soon shifted in favour of hygiene aspect regarding the 
processes involved in the diffusion of technology. Diffusion of 
technology as the main theme made possible to discuss such 
issues as how to control aerobic or anaerobic process with special 
consideration to the hygiene. Anyhow, still too little is known 
relating to the hygienic aspect. This study is an attempt to fill this 
gap. 
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1. GENERAL INTRODUCTION 
1.1 FARM SLURRY 
The slurry could be defined as a material of faeces, urine, 
uneaten feed, washing water and their waste of farmed animals, 
mostly cattle and pigs. It is stored in lagoons or tanks until field 
conditions are suitable for application to agriculture land. 
Therefore, large storages of slurry are common. The storage 
volume should usually be sufficient to hold the slurry produced 
during a period up to 4-12 months, unless an environmentally 
safe year round disposal system is available (Burton and Turner 
2003).  
Traditionally, animal wastes were collected in straw bedding to 
compost before applied onto agricultural fields (Jolankai and 
Csete 1996). Many bacteria are killed during composting, because 
of the elevated temperatures, and the manure was used as a rich 
source of nutrients and humus often without bacterial 
contamination risks (Singh et al. 2010). Today, animal wastes are 
often collected as slurry, which is liquid, and does not compost 
during storage, and therefore, prevailing bacteria will not be 
efficiently killed (Burton and Turner 2003).  
Farm slurry is widely used as a fertilizer and that lead to the 
environmental spread of potentially pathogenic bacteria that 
may contaminate crops grown on these soils (Cools et al. 2001). 
The slurry can be hygienic risk for animals and humans, because 
it can contain viral, bacterial and protozoan pathogens. This 
reason restricts the use of raw slurry as a soil conditioner or 
fertilizer. In addition, odour problem can be very high if slurry 
will be distributed to the field without treatment (Burton and 
Turner 2003).  
The landfill method has been the most common method to treat 
organic wastes due to its simplicity. However, this might cause 
secondary environmental problems, such as pollution of 
groundwater and offensive odours (Rogoshewski et al. 1983) and 
it is no more accepted in many countries to distribute the non-
treated slurries for commercial purposes.  
13 
 
1.2 WASTE FOOD 
Waste food includes fruit and vegetable product and by-products 
of processing plants, processing waste, for example potato and 
tomato processing wastes.  Another kind of food wastes are 
animal originated as meats and meat trimmings, whey, fish 
processing wastes, slaughterhouse waste such as blood, fat and 
intestinal canal waste (Wall 2009). Gelatine production, 
rendering plants, dairy processing, other processing plants, such 
as cooking and breading operations, butter, ice cream, yogurt 
and margarine production operations, sauce and dressing 
production operations, etc. can produce large amounts of 
wastewater (Black et al. 1982; Burton and Turner 2003). In 
addition, food residuals for restaurants, shops and other sources 
can be even 30% of substrates (Sahlström et al. 2008). 
These materials could be treated and converted into hygienic, 
stable and odour-free products. The product could be suited for 
fertilizing cereals and grass (Skjelhaugen 1999). Treating, 
recycling, and disposing animal and vegetable food, have created 
a significant challenge for the industries. These are typically 
processed in rendering/protein recovery processes to produce 
animal feed products and reclaimed oils. Some of these wastes, 
anyhow, end up as waste in landfills (Langley et al. 2010).  
1.3 THE HYGIENE OF FARM SLURRY AND FOOD WASTE 
In order to evaluate the hygiene of the slurry and food waste 
treatment and utilization, the knowledge about the survival and 
persistence of microorganisms is required, especially pathogens 
(Petkov et al. 2006). The possibility of transmissible of various 
diseases in large-scale farms having high numbers of animals 
creates problems with regard to humans, either directly through 
excrement or by animal products (Venglovsky and Placha 1999). 
Viral, parasitic and bacterial diseases require immediate and far-
reaching measures. Although these are not necessarily the cause 
of contagious illness, a series of measures that can be justified in 
reducing the health risk to individuals are exposed to animal 
wastes (Burton 2009). The hygienic evaluation of the treatment 
and utilization of slurry and food waste requires knowledge 
14 
 
about the survival of pathogenic microbes, and the factors which 
influence their viability (Venglovsky and Placha 1999).  
The risk of introduction or emergence of disease is high and has 
increased with more liberal and increased illegal trade. The 
increased settlement of ethnic minority groups has increased the 
probability that animal products will be illegally introduced 
when immigrants make return visits to their homelands since 
very often they have contact with rural communities. Increased 
tourism and the entry of camper vans in which tourists bring 
their own foodstuffs are a risk since they may discard stale 
food in rural settings. The move towards free-range pig 
production means that there is a chance that animals will come 
into contact with discarded waste food (Burton and Turner 
2003). 
In foot-and-mouth disease (FMD) the route of entry of the FMD 
virus was generally considered to have been via contaminated 
food. With waste food as the source of virus entry, pigs have 
been the species first affected. Cattle have been the species first 
affected when virus has gained entry on the wind. The risk to 
pigs can be addressed by ensuring that it is properly heat-
treated to inactivate the virus (Turner et al. 2000) 
1.4 PATHOGENS CONNECTED TO THE FARM SLURRY AND FOOD 
WASTE 
Recently, several review papers have appeared describing the 
disease hazards, and bacterial and viral pathogens associated 
with the land application of organic wastes (Burge and Marsh 
1978; Strauch 1998; Sahlström 2003). The main source of these 
microorganisms is the intestinal tract of animals. Distribution is 
promoted by abundant reservoir hosts, efficient faecal shedding 
from carrier animals, and persistence within the environment 
(Schwartz 1999). The availability of pathogens and indicator 
organisms at the soil surface during a rainfall or flood events is 
dependent on several processes and factors. The most important 
process is the die-off rate (survival rate) of the pathogens in the 
soil-waste system. Faecal contamination of the soil and 
subsequent entry of pathogens into a water supply is dependent 
on survival of organisms during residence time in the soil and 
likelihood of being washed out by storm water runoff and/or 
similar events (Reddy et al. 1981).  
15 
 
A number of pathogenic organisms are known to be involved in 
transmitting diseases through animal wastes. These include for 
instance, members of the salmonella, mycobacterium, 
Erysipelothix, Leptospira, and Clostridium, as well as Bacillus 
anthracis, FMD virus, enteroviruses, helminths, etc. (Mohaibes 
and Heinonen-Tanski 2000). There are approximately 100 
diseases that can be transmitted from animals to man (Zhu 2000; 
Burton and Turner 2003).  
Thermal destruction of bacterial pathogens may depend on 
temperature and also on moisture content, free ammonia 
concentration, duration of heat treatment and the presence of 
other microorganisms which may enhance or inhibit pathogen 
inactivation. For instance, in industrial compost, Salmonella and 
Escherichia coli were found to survive for 59 days at about 60°C, 
although they were destroyed during the cooler curing process 
(Droffner and Brinton 1995). 
Contaminated manure and manure slurry with pathogenic 
microorganisms, may pose a risk when used as a fertilizer for 
crops. Several conditions may influence the survival of 
pathogens (Himathongkham et al. 1999). Probably the most 
common route of bacterial transmission is through the food 
chain, typically due to a lack of hygiene while handling animals 
or animal products, bacterial contamination of chicken carcasses 
(Hudson and Mead 1989), milk and cheese (Ansay and Kaspar 
1997) and drinking water (Cato et al. 1982; Edberg et al. 1996). 
Since there are a big number and variety of viral, bacterial and 
protozoan (Bicudo and Goyal 2002), it is not feasible to mention 
all pathogens found in farm slurry (Table 1.1).  
Using untreated animal manure as fertilizer may be 
contaminating the soil by enteric microorganisms as reviewed by 
Brackett (1999). This is most evident with food eaten raw, which 
may be an increasing trend. A classical and often referred case is 
apple cider contaminated by raw cattle manure containing 
Escherichia coli O157:H7 (Guan and Holly 2003). The use of raw 
manure for fertilization of plants has also caused other disease 
cases, frequently involving E. coli O157:H7. Vegetables or grass can 
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be still contaminated if irrigation with water containing faecal 
waste. 
The reliability of natural inactivation factors on plant surfaces, in 
soil and in feed and foodstuffs should not be overestimated. 
Bacterial pathogens may persist in the environment for very long 
periods, several decades for spore-forming bacteria (Albihn and 
Vinnerås 2007) 
Table 1.1: Major pathogenic bacteria and protozoa of epidemiological concern in 
livestock excretions and manure (Bicudo and Goyal 2002). 
 
Microorganisms Survival Infective 
dose 
 Contamination 
sources 
Bacteria     
Salmonella pH 4-8 at 8-45°C. 
Long period 
High  Animal food, 
fish, shrimp & 
salad. 
Escherichia coli Low pH & low 
temperature. Long 
periods 
High, 
O157: 
H7 
others  
low 
 Animal food, 
juices, 
vegetables, dirty 
water 
Campylobacter Sensitive to 
environmental stress. 
No survival in dry 
environments 
Low  Raw chicken, 
raw milk, dirty 
water 
Yersenia pH 4-l0, temp. 4-
43°C. long period 
Unknown  Meat, fish, raw 
milk, soil & 
water 
Protozoa     
Cryptosporidium Oocysts resis. 
Disinfectants. 
Decrease as temp. 
Increases 
Low  Contam. water & 
vegetables 
Giardia Cysts are known to 
survive for extended 
periods of time 
Low  Contam. water & 
vegetables 
1.4.1 Salmonella 
Salmonella typhi was the first member of Salmonella to be 
recognized as a pathogen, and later found that human is its only 
host. It was first seen in 1880 by Eberth and isolated by Gaffky in 
1884. Later other Salmonella bacteria associated with human and 
animal disease processes were isolated.  
Members of the genus Salmonella are widely distributed in the 
environment and, as enteric pathogens, cause a wide variety of 
diseases in man and animals (Sigua et al. 2010). They have been 
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responsible for gastroenteritis, bacteremia, septicemia, and 
enteric fevers of which typhoid fever is the most notorious. The 
mode of transmission of different salmonella bacteria happens 
via food, water, domestic animals, poultry and human carriers 
and this makes its eradiation difficult. Serological identification 
aids in locating the source of the infection and thereby 
controlling or preventing its spread (Jensen et al. 2006). 
The Salmonella genus belongs to the Enterobacteriaceae, a family 
of gram-negative, rod-shaped bacteria which can grow rapidly 
by respiratory and fermentatory metabolism (Lenette and Truant 
1974). Salmonella is known to grow well in the anaerobic 
alimentary tract. Even though it is facultatively aerobic, it is less 
favoured by a higher redox potential than are many other 
microorganisms. The heat from microbial respiration and the 
increasing redox potential in aerobic slurry treatment destroy 
well salmonella (Heinonen-Tanski et al. 1998). 
1.4.1.1 The Epidemiology of Salmonella 
The infections of man with Salmonella are common world widely 
(Glynn, 1998). It is well known that, cattle may serve as a source 
of Salmonella and they can shed the bacteria through milk and 
faeces often, without showing any clinical signs (Rasmussen et al. 
1993; Losinger et al. 1995; Alice 1997). Salmonellae are able to 
survive freezing and desiccation, for years even more in suitable 
environment (Cordero et al. 2010). Salmonella dublin survived for 
19 weeks during summer and up to 33 weeks during Irish winter 
time in the cattle slurry (Himathongkham et al. 1999). Similarly, 
Larsen and Munch (1986) found that Salmonella typhimurium 
survived in stored pig and cattle slurry for an excess of 10 weeks 
at 8°C (Berends et al. 1996).   
Complete liquid feed containing fermented by-products may 
keep prevalence of salmonella low (van der Wolf 2000). This may 
be due to the formation of organic acids lowering the pH. 
During transport of animals to the slaughterhouse, excretion of 
Salmonella may increase due to stress working on the motility of 
the intestines (Stoddard 1998). Since Salmonella can be isolated 
from faeces already after three hours of artificial inoculation, 
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more carcasses may be contaminated than expected (Bicudo and 
Gayal 2002).  
1.4.1.2 Survival of Salmonella in Slurry and Soil 
Salmonella can be introduces into soil via a variety of materials 
including farm slurry and manure, septic tank waste vole and 
sewage sludge and meat industry waste. An important 
salmonella transmission cycle is from farm animals to 
agricultural land and then back to farm animals 
(Himathongkham et al. 1999). If factors affecting the survival of 
salmonella on agriculture land can be controlled then it can be 
possible to reduce the risk of transmission to farm animals. 
Factors affecting the survival of salmonella and other enteric in 
the environment have been investigated by many workers 
(Reddy 1981; Chao 1987). In our own unpublished work at the 
University of Kuopio we studied the survival of salmonella in 
soil and water at room temperature, approximately 20°C 
(Mohaibes and Heinonen-Tanski 2000). The spiked Salmonella 
typhimurium and Salmonella infantis could be isolated from 
leaching water and sand soil columns of 20-22 cm after nine 
months leaching study and both these bacteria could be isolated 
from water and all soil columns from top to bottom.   
1.4.2 Faecal Coliforms 
Faecal coliforms bacteria live in the intestines of warm-blooded 
animals, waste material, and faeces, excreted from the intestinal 
tract and then be found in environments (Burnes 2003).  Feacal 
coliforms can aid in the digestion of food (Parveen 2001).  
Escherichia coli are the best known member among a specific 
subgroup of the faecal coliform bacteria (Burton and Turner 
2003). Faecal coliforms are separated from the total coliform 
group by their ability to grow at elevated temperatures and their 
closer association with the faecal material of warm-blooded 
animals (Mittal 2004). Although they are not necessarily agents of 
disease, faecal coliform bacteria may indicate the presence of 
salmonella and other enteric pathogen organisms.  
Cattle slurry is considered to be potentially contaminated 
with faecal coliforms. The application of slurry to land may 
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lead to the infection of farm animals and foodstuffs (Oliver 
2006). Kudva et al. (1998) noted that they could survive for 21 
months in a manure pile. Placha et al. (2001) reported that total 
coliforms were reduced by 90% in 35 and 233 days during 
summer and winter, in central European climate respectively. 
Survival of faecal coliforms in solid manure storage (dairy and pig 
farm manure and broiler) was relatively short; approximately 
one week during summer (Chambers et al. 2001). The rapid die-
off observed was probably caused by elevated temperatures 
(55°C) and high gaseous ammonia concentration within the 
storage. In contrast the pathogenic E. coli O157 was found to 
survive in stored slurry and dirty water up to three months 
(Topp et al. 2003). 
1.4.3 Enterococci 
Enterococci were originally classified as streptococci, and later 
became as an independent genus. They are gram-positive, occur 
in environments, mainly because of their ability to grow and 
survive under harsh conditions. They can be regularly found in 
soil, food, water, and in animals. Enterococci belong to 
approximately 450 other human normal intestinal flora species 
(Murray 1990). The transmission of pathogenic enterococci via 
faeces is not of epidemiological importance. However, 
enterococci are regarded as indicators for faecal pollution in 
water and wastewater (Palla 2007). 
1.4.4 Clostridia 
The anaerobic spore-forming organisms that are grouped in the 
genus Clostridium are generally similar in morphology and 
staining qualities (Waters et al. 2006). Some Clostridium species 
can tolerate oxygen, but most species are obligatory anaerobic 
and some species will grow but do not sporulate in the presence 
of some oxygen. The optimum range of temperature for growth 
is 15-69°C. For most species, the growth is most rapid at pH 6.5–7 
and at temperatures 30–37°C (Zhu 2000). 
Many clostridia do not produce diseases but some do. It is 
possible to classify the diseases-producing clostridia into two 
groups. First group has less or no ability to invade and multiply 
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in living tissue. They produce of powerful toxins that are formed 
outside the host body. Two organisms of this group are C. 
tetani and C. botulinum (Burton and Burton 2003). Second and 
larger group can invade and multiply in the tissues or the 
intestine of the host animal. These organisms such as C. 
perfringens can also produce toxins, but the toxins are less potent 
than those of the first group (Cato 1982).  
Generally the clostridia exist in the soil, but they can form spores 
and can be formed in the feed etc, and multiply in the intestinal 
canal of animals (Bicudo and Goyal 2002). Clostridia can be 
present on the natural flora of the intestine of warm-blooded 
animals and they have been identified and characterized as 
faecally polluted (Santiago-Rodríguez et al. 2010). If the pastures 
or grazing fields become infected, the disease can reappear in 
susceptible animals year after year. The infection is most common 
on permanent pastures and certain pastures in a locality appear 
to be at especially high risk. Land cultivation diminishes this risk 
(Cato et al. 1986). 
It is possible that, food or feed contains the strong toxin but no 
clostridia cells can be isolated.  
1.4.5 Coliphages 
Coliphages are viruses that attack coliform bacteria and they 
have been proposed as indicators of faecal pollution (Neftalí 
Hernández et al. 2002). Monitoring of the viral pathogens for 
routine control purpose can be based on somatic and RNA 
coliphages, due to the fact that these indicators are relatively 
simple and more rapid to detect, easy to characterize in water 
and they are often present in the faeces of man and warm-
blooded animals and hence in large numbers in sewages. 
Moreover, they share similar survival characteristics with enteric 
viruses when discharged into the aquatic environment (Gajardo 
et al. 1991; Havelaar et al. 1993; Schwab et al. 1995; Abad et al. 
1997). In addition, the presences of the coliphages are associated 
with faecal contamination (Kristen 1988).  FRNA coliphages are 
present in wastewater and show similarity to animal enteric 
viruses. These coliphages are interest as surrogates for the 
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presence of animal and human viruses (Sinton 2002). Somatic 
coliphages are a rather heterogeneous group that attach to 
various sites on E. coli cell walls. They occur in high counts in 
faecal wastes, but it has been reported that they can multiply in 
natural waters (IAWPRC 1991).  
Also the somatic coliphages are faecal indicators (Wentsel et al. 
1982), consistently present in faeces in correlation with faecal 
coliforms (Borrego et al. 1987; Dutka et al. 1987). However, they 
are considered unsuitable viral models because they are less able 
to survive than enteroviruses (Sobsey 1989). Since RNA 
coliphages have similar survival characteristics and morphology 
to rotaviruses, (Sobsey 1989), they have been recommended as 
enteroviral indicators (Havelaar et al. 1986; Gersberg 1987; 
Havelaar et al. 1993). However, and because of lower 
concentrations of RNA-coliphages in some effluents and rare 
presence in faeces, they may be less suitable than somatic 
coliphages as faecal indicator (Havelaar et al. 1990). 
1.5 FEASIBILITY STUDIES OF DIFFERENT TREATMENTS OF 
SLURRY 
The feasibility of treating slurry is dependent, among other factors, 
the needs of the final results (Burton and Turner 2003). An 
alternative strategy is a thermal pre-treatment of the raw waste 
(Albuquerque et al. 2002). The effect of pre-treatment can differ 
with the type and composition of the substrate (Colleran 2000). 
As an alternative, there is the option of long-term storage to 
ensure a decline of any pathogens that may be present 
(Georgakakis et al. 2002; II). Since the energy (biogas or heat) 
productivity is directly linked to the economy of any treatment 
project, it is interest to enhance the energy production in large 
scale by co-digesting the one substrate manure with after wastes. 
Such strategies do not seem to be durable in the long term if 
there is a persistent shortage of the additional waste. Another 
possibility how to increase the energy production is to fully 
exploit the potential of substrates available (Hartmann et al. 2000; 
II).  
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Planning an AD or aerobic treatment plant for individual or 
commercial use should consider the substrates (II; V). Substrates 
used in such plants should be considered according to the energy 
yields and the cost. Plant design is another important issue for 
planning any AD or aerobic system, furthermore the final 
products for treated substrate would be considered as an 
important income for such project (II; III; IV).  
1.6 TREATMENT OPTIONS OF SLURRY   
During the last decades, due to the increasing of animal 
production, the use of treated and untreated manure as a 
fertilizer caused negative effects on the environment (II; SOM; 
Monaco et al. 2008). The aspect of best treatment options has 
become more important. Treatment of slurry can be 
chemically and biologically. 
1.6.1 Chemical Treatments 
Chemical treatment is an important method of decontamination 
of manure. Formaldehyde, sodium hydroxide or lime and other 
agents are involved in such treatment (Haas et al. 1995). It is 
necessary to ensure adequate contact time for added chemicals in 
a continuous stirred tank reactor process, owing to the wide 
residence time distribution. It is important that the chemical is 
equally distributed and is at the same concentration throughout. 
(Burton and Turner 2003). 
1.6.2 Biological Treatment 
Biological treatment is depending mainly on the 
temperature and could be divided into three ranges 
according to treatment temperatures: 
• psychrophilic temperature from 10° to 20°C 
• mesophilic temperature from 20° to 40°C 
• thermophilic temperature over 40°C 
In spite, there are different methods of treating slurry the most 
common methods used are the aerobic and anaerobic treatments 
(Juteau 2006).  
All organic waste materials, including animal slurry, can be 
subject to biological decomposition by aerobic and/or anaerobic 
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microorganisms. It is possible to use the environment of the 
microbial flora and fauna in the wastes, for specific purposes, 
such as produce acceptable end products (Ugwuanyi 2008). The 
pathways of such treatment systems can be influenced both by 
the initial composition of microbial flora and fauna in the effluent 
and the composition of the substrates involved (Russell and 
Cook 1995). 
The most simple treatment method is an oxidation pond. Over 
90% of faecal indicator and pathogenic bacteria are removed by 
oxidation ponds. The possible reason for the efficient removal is 
the long retention time, high pH and the inactivating effect of 
sunlight. Removal of viruses is expected to be high under a hot 
and sunny climate. During the summer season, it takes five 
days to obtain a 2-log reduction of viruses, while in winter 25 
days are required to achieve a similar reduction. Biological 
factors are also involved. 
1.6.2.1 The Biology of Aerobic Thermophilic Treatment (ATT) 
Because the primary goal of ATT processes is to reduce the level 
of organic compounds in the waste stream, the dominant 
microorganisms are mainly heterotrophs (Sharp et al. 1992). The 
most microorganisms found in aeration applications fall into the 
category of heterotrophic and chemo-heterotrophic organisms 
(Beaudet et al. 1990). These organisms digest organic material in 
order to utilize organic compounds for cell synthesis , and obtain 
their energy from the oxidation of organic material. There is a 
whole range of microorganisms that digest the diverse organic 
material contained in cattle slurry (Arkhipchenko 2001). 
1.6.2.2 The Inactivation of Pathogens by ATT Process 
The Aerobic Thermophilic Treatment (ATT) principally can 
inactivate most significant pathogens due to the higher 
temperatures during thermophilic treatment. This process 
commonly involved treatment temperatures in excess of 40°C (I).  
Inactivation of pathogens by ATT process is controlled by 
different factors like, temperature, oxygen concentration, 
sunlight, pH, predation by macro-organisms.  
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Because of intense activity within the reactor, the biological 
process releases a large amount of heat that raises the 
temperature of the reactor. The duration of the treatment is 
adjusted to suit the needs related to the material being processed. 
(Hahne and Schuchardt 1996). 
Heinonen-Tanski et al. 1998, found that the survival of Pathogens 
Listeria monocytogens, Yersinia enterocolitica and Yersinia group in 
aerobically treated slurry between 40 and 50°C, reduced from 56 to 
99.9%.  
Aeration causes a pronounced effect on the rate of viral 
inactivation in cattle and pig slurry (Bicudo and Goyal 2002). 
Foot and mouth disease (FMD) and swine vesicular disease 
viruses, have been inactivated after 48 hours of thermophilic 
aeration, while Aujeszky’s disease virus (ADV) needed five hours 
of thermophilic aeration for inactivation (Böhm 1984). 
1.6.3 Technology Options in Aerobic Processes 
The aerobic process system is based on maintain a sufficient air 
supply for the micro-organisms. Sufficient aeration supplied 
in slurry container (bioreactor), dissolving enough oxygen into 
the substrate to replace the anaerobic environment with 
aerobic environment (Burton and Turner 2003). This process can 
be divided to two main processes: 
1.6.3.1  Batch Process 
Batch process operation of cattle slurry is a non-steady state 
processes including changing conditions (Burton and Turner 
2003). It is involve in single vessel, despite of its simplicity, a 
good control is difficult (Ugwuanyi 2008). With short treatments 
(less than a week) the rapid increase of biological activity in the 
first few days can easy exceed in a heat-insulated (Heinonen-
Tanski et al. 2005). The batch process is often characterized by a 
series of distinct phases such as filling, aeration, settling and 
emptying. The quality of the treated material can still change from 
batch to batch due to the process variation; there is the option of 
developing process controls to offset such variations but this sort 
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of sophistication rarely pays for itself in terms of any real benefit 
in the treatment of wastes (Messenger 1993). 
1.6.3.2 Continuous Process 
Continuous process is a steady input stream with steady 
conditions during the treatment steps and a fairly consistent flow 
of treated material with little variation in its composition (Burton 
and Turner 2003). The continuous degradation reaction in the 
process according to the present invention allows for the use of a 
number of different types of reactors, such as single and coupled 
tank and tube reactors, towers, columns and vessels with or 
without fillers and base-plates corresponding to distillation 
columns, adsorption towers for gas and liquid and evaporators 
(Juteau 2000).  
Continuous process is now the most common system for 
effluents and waste water including cattle slurry. It is widely 
used for biological processes where equal daily volumes of 
influent are expected. Providing constant biological and 
physical operating conditions leads to the best results by 
avoiding large variations in activity (Zavala et al. 2004; Juteau 
2006). Continuous process units, often are large, include 
automatic process control and mechanical handling equipment 
and they can be run both, semi-continuously and continuously 
(Burton and Turner 2003). 
1.6.3.3 Aerobic Thermophilic Treatment (ATT) 
Aerobic thermophilic treatment (ATT) is a dynamic, waste 
processing technique which uses the heat generated during 
microbial aerobic metabolism to raise the temperature of waste 
slurry in an insulated digestion system at thermophilic 
temperature. It is increasingly being accepted for waste 
treatment, either in standalone processes or as part of an 
integrated two stage aerobic–thermophilic/anaerobic–mesophilic 
or aerobic–thermophilic process (Juteau 2006).
 Homogenization of substrates in both systems suited lowering 
the carbon content, odour reduction, and stabilization 
(Messanger 1993). It is noted that emissions can be a problem, 
especially, if aeration is too intensive (Skjelhaugen 1999). Most 
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significantly, pathogens can be inactivated due to the higher 
temperatures during thermophilic treatment (Ugwuanyi et al. 
2005). Another application of thermophilic treatment is the co-
processing of agricultural and household/ industrial wastes 
(Strauch 1998). Oxygen is a key factor, because many pathogens 
are strict anaerobes and numbers are rapidly reduced in an 
oxidizing environment. On the other hand, aerobic organisms may 
be destroyed during anaerobic processes. In addition, high 
temperatures enhance this effect (Yeom et al. 2010). 
1.6.4 The Biology of Anaerobic Treatment (AD) 
It is well known that, the AD is a microbial degradation process 
of organic substances, to its most reduced form of methane. 
Methane production of this process is recovery of energy 
according to the following equation:  
33 g organic material (Cx Hy Oz) = 22 g CO2 + 8 g CH4 + 3 g biomass. The 
AD of organic matter is a sequential process in which several 
different groups of bacteria are involved (Burton and Turner 2003). 
1.6.4.1 The Inactivation of Pathogens by AD Process  
Anaerobic digestion (AD) process can be processed at 
mesophilic or thermophilic temperatures. The mesophilic AD 
is used widely comparing to than thermophilic AD due to its 
stability and lower use of energy. Both systems achieve a 
reduction of pathogens. Nevertheless, in mesophilic AD the 
effect is much reduced (Burton and Turner 2003; V).  
AD treatment of biowaste at 70 °C for 1 h is an effective way to 
reduce most pathogens (Bendixen, 1999; Böhm et al., 1999; Bagge 
et al. 2005).  Bendixen (1999) recorded a decrease of pathogens 
from the waste stream by 2 and 4 log units during mesophilic 
and thermophilic AD respectively. Kumar et al. (1999) have 
found that the survival time of E. coli and Salmonella typhi was up 
to 20 days at room temperature, but became ten days at 35°C. 
Some installations (mainly in Denmark) offer a thermophilic 
anaerobic regime, which can lead to substantial disinfection of 
manure. Significant reduction in viral infectivity of liquid pig 
manure as a result of anaerobic digestion and subsequent 
processing has also been reported (Kearney et al. 1993; Albihn 
and Vinnerås 2007). In laboratory studies, bovine enterovirus and 
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bovine parvovirus were rapidly inactivated by AD under 
thermophilic conditions, but they survived for up to 13 days 
under mesophilic conditions (Bicudo and Goyal 2002).  
1.7 ANAEROBIC PROCESS (AD)IN PRACTICE 
Anaerobic treatment (also known as digestion is one of the most 
important treatment measures available for animal manures 
and other organic wastes (Li and Noike 1992). Exploring new 
energy resources, such as biogas fuel, is of growing importance 
in recent years. Biogas, derived from slurries and food wastes, is 
recommended for use as a substitute for petroleum-based biogas 
mainly because biogas is a renewable, domestic resource with an 
environmentally friendly emission profile and is readily 
biodegradable (Bolle et al. 1986; Solera et al. 2001; Han and 
Dague 1997). 
1.7.1 Temperature Consideration for AD Treatment 
Because of the different between mesophilic and thermophilic 
digestion, mainly the higher volumetric methane yield per day 
which can be reached with thermophilic digestion, thus 
allowing higher specific methane yields from a given volume of 
biogas reactor (Baserga et al. 1995; Dohanyos 2001) As an 
example, in Haapavesi, Finland a mesophilic one stage bioreactor 
have been conducted. It was 10/15 meters, cylindrical shape, 
covered by fibreglass for heat isolation, and equipped carefully 
in order to prevent any possible leak of biogas (Fig. 1.1). 
The hygiene control determining faecal coliforms, enterococci, 
heterotrophs and clostridia using the methods are described in 
paper II. Other parameters as gas production, (methane), pH, 
COD and nitrogen were followed throughout the experiment. 
Analysis of chemical oxygen demand (COD), were performed 
according to standard methods (Greenberg et al. 1992). The 
biogas production of 37°C mesophilic operation could be seen in 
Figure 1.2.  
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Figure 1.1. Pilot-Plant bioreactor 37°C, construction steps. 1-The bottom of the 
bioreactor. 2-The Circumference of the bioreactor.  3-Heating net installation 
(hot water) step1.  4-Heating net installation step2. 5-6-Control room building. 
7-Bioreactor with preventing cover. 
 
Figure 1.2. Analysis for the anaerobic mesophilic trial, including COD and 
biogas quantity in the semi-continious process (Haapavesi). 
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Table 1.2. Log Numbers (log no/ml) of microorganisms during the trial of 
mesophilic anaerobic treatment of cattle slurry in Haapavesi full scale 
experiment. 
Time 
(Days) 
F. coliform Enterococci Clostridia Heterotrophs 
0 1.5 2.7 4.33 7.51 
3 3.7 4.82 4.88 7.67 
6 3.7 4.61 4.78 7.64 
9 3.5 3.98 4.71 7.51 
11 3.8 3.71 4.68 7.52 
14 3.3 3.92 4.65 7.48 
17 4 3.78 4.58 7.45 
21 4.3 3.82 4.55 7.42 
24 4.4 3.68 4.31 7.18 
27 3.9 3.55 4.28 7.12 
30 4.1 3.41 3.88 7.02 
33 3.8 3.44 3.21 7.01 
36 2.5 3.28 2.83 6.94 
39 2.8 3.23 2.52 6.91 
42 2.3 3.42 2.18 6.88 
45 2.2 3.18 1.81 6.82 
48 2.1 3.04 0.31 6.84 
51 1.8 2.81 0.22 6.81 
The course of operation after 51 days showed, that the 
mesophilic treatment had a positive effect for subsequent 
methanogenic conversion, since the temperature increased 
rapidly from less than 0°C up to the target temperatures (37°C), 
which we reached in 34 days. 
Microbiological results showed that the level of microorganisms, 
decreased accordingly (Table 1.2). The clostridia reduced more 
than 3 log units in two 51 days of operation, meanwhile 
enterococci showed increase of the log-units at the beginning of 
the operation followed by slow decrease.  Heterotrophs showed 
decrease in all treatments period. The decrease was recorded for 
faecal coliforms (Table 1.2). 
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1.8 AIM OF THE STUDY 
This study was conducted to evaluate different treatment 
methods of slurry and waste food, with special consideration to 
the hygienic aspect, and the evaluation of the performance of an 
efficient biological pre-treatment under aerobic and anaerobic 
conditions.  Since both treatments are used widely. The hygienic 
aspect has been considered in our study with specific aims: 
1. Investigate to the decline of pathogenic microorganisms in 
specific faecal coliforms, enterococci, heterotrophs, clostridia 
and coliphages in slurry applied to bioreactors (both aerobic 
and anaerobic) depended on the application method (I; II; III; 
IV; V).  
2. Improve the slurry treatment methods, and determine the 
ability of both aerobic and anaerobic processes in decrease 
enteric microorganisms (II; III; V). 
3. Improvement of slurry characteristics, in term of nutrient 
removal rates. In addition to study the effect of using waste 
food (whey and jam) in improving the treatment and final 
product. Furthermore, solving the foam problem by using 
mechanical method (foam cutters) in the case of aerobic 
treatment (II; III; IV).  
4. Optimization of aeration and overall plant performance, so 
that environmental pollution could be effectively minimized 
(III; IV). 
5. Achieving steady-state AD operation by better planning and 
control of two-stage bioreactor treatment (V).  
The methods and the techniques we used are, based on the 
physical, economical and microbiological aspects.  
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of Farm Slurry and 
Food Waste
 This work aims to develop the 
treatment processes for farm slurry 
and/or slurry and waste food. In 
addition this study deals with the 
presence of hygienic important 
microorganisms in the farm slurry 
before and after treatments. Three 
trials have been done by using 
aerobic thermophilic treatments 
and one trial by using anaerobic 
mesophilic-thermophilic treatment. 
Farm slurry and waste material 
of whey and jam have been the 
substrates in two aerobic treatment 
experiments. The works have been 
done in both field and laboratory.
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